There are many reports indicating that night time blood pressure (BP) is closely associated with target organ damage. However, BP in the waking period is influenced by physical activity and also by the psychological status. Recently, base BP (BP0: minimum and stable BP during sleep) has been reported to correlate with organ damage in hypertensives. However, little is known about the implications of BP0. We examined how BP0 is associated with BP, heart rate variability and healthrelated quality of life (HRQOL) in healthy subjects. One hundred and thirty-five participants, composed of 88 male and 47 female (age: 21-33 years) underwent a 24-h ambulatory BP monitoring (ABPM). Multiple linear regression analysis showed that SBP0 correlated with gender (Po0.01), night time LF/HF (Po0.04) and the scores of body pain (Po0.04). In conclusion, SBP0 correlated with BP, LF/HF and the scores of body pain (HRQOL). SBP0 may be a useful indicator for assessing 24-h BP, sympathetic nervous functions and HRQOL in healthy subjects.
Introduction
There are many reports indicating that night time blood pressure (BP) is closely associated with endorgan damage, which is more severe in nondippers than in dippers. 1, 2 On the other hand, the autonomic nervous system is known to have a major influence on BP regulation and to demonstrate a substantial reduction in sympathetic activity with the onset of sleep. 3, 4 The multi-biomedical recorder (TM2425) is useful in evaluations of BP variation and autonomic nervous activities. 5, 6 The minimum sleep-time BP (BP0: base BP) has been reported to correlate with sodium intake. 7 Furthermore, systolic BP0 (SBP0) demonstrated a significantly higher r value (r ¼ 0.83) with body fat-corrected mean electrocardiogram (ECG) voltage/body surface area than the mean daytime systolic BP (SBP) in hypertensives. 8 However, the implications of BP0 in healthy people remain unclear.
Recently, the SF-36 health survey questionnaire, which is a self-administered standardized assessment of quality of life (QOL) and functional status, has been established. 9, 10 It has been used to evaluate self-perceived health status in hypertensive patients. Bardage and Isacson 11 showed that high BP itself is associated with lower general health perception. The Medical Outcome Study in America found lower general health perception in hypertensive patients than in patients without chronic conditions. 9 However, the relationship between BP0 and QOL has not been evaluated.
Accordingly, in the present study, we evaluated the relationship between SBP0 and BP, autonomic function using TM2425 (A&D Co. Ltd, Tokyo, Japan), and heart-related QOL (HRQOL) in healthy volunteers.
Subjects and methods
One hundred and thirty-five subjects, composed of 88 male and 47 female (age: 21-33 years), participated in this study. All subjects were Japanese and their mean body mass index was 2172 kg/m 2 . They did not take any medications. Thirteen per cent of the participants were smokers and 34% were alcohol drinkers. All subjects gave their informed consent to participate in this study. This study was approved by the ethical committee of the Yokohama City University, School of Medicine.
BP and 24-h BP determination BP and heart rate (HR) were measured every 30 min during the monitoring period. We used a portable multi-biomedical recorder (TM2425, A&D Co., Ltd, Tokyo, Japan), according to the criteria of the Association for the Advancement of Medical Instrumentation (AAMI) that could simultaneously record BP and ECG, and measure body position, motion (acceleration), and temperature. The minimum HR (HR0) was determined as 1% -the lower limit of the beat-to-beat HR frequency histogram -and base BP (SBP/DBP (diastolic blood pressure)) was obtained statistically to correspond to the HR0 value. 6, 12 A computer automatically detected base BP values corresponding to the minimum HR value. [5] [6] [7] Body motion (activity) was measured by an acceleration pickup sensor. Cumulative values for 1-min periods were recorded at 18-ms intervals at frequencies ranging from 1 to 10 Hz in the vertical direction (z axis), a sensitivity of 4.1 Â 10 À3 m/s 2 bit. The number of steps was also recorded over 1-min periods with a pedometer (ET-450, Yamasa Tokei Ltd, Tokyo, Japan). 5 The waking time, time of falling asleep and quality of sleep of each subject were assessed by interview.
ECG and power spectral analysis of R-R intervals ECG tracings were obtained with a precordial lead (V5), and variation of RR intervals (RRI) and ST level trendgrams were analysed. Using 2-ms sampling intervals of an ECG tracing, an estimation of R waves was estimated with 73% of the points in the QRS complex peaks in the frequency band ranging from 0.3 to 32 Hz. A total of 512 RRI were recorded at 30-min intervals at a resolution of 7.8 ms. Thus, with autoregressive modelling, the spectral analysis of HR variability was performed 48 times over the 24-h period. RRI data were resampled by a personal computer every 500 ms with Lagrange's equation. 5 For each segment, the power was quantified in the low-frequency band (0.04-0.15 Hz), which is an index of both sympathetic and parasympathetic nervous activity, and in the high-frequency band (0.15-0.4 Hz), which reflects parasympathetic nervous activity. 13 
Quality of life
The MOS Short-Forum 36-Item Health Survey (SF-36: version 1.2) was used to assess general HRQOL. The SF-36 questionnaire is a validated 36-item questionnaire that assesses the health concepts of physical functioning, role-physical, body pain, general health perception, vitality, social functioning, role-emotional and mental health. Final scoring of the questionnaire data provide eight individual domain scores that can be further aggregated into two summary scores (physical and mental health summaries). Scores can range from 0 (worst health, poorest functional status) to 100 (perfect health, optimal functional status). In the present study we used the Japanese version of SF-36. 14, 15 Statistical analysis Data are expressed as mean7s.e. Comparisons between clinical data and SF-36 scores were tested by one-way analysis of variance followed by a post hoc test (Bonferroni test). Relationships between SF-36 scores and BP0 were analysed using Spearman correlation coefficients. Multiple linear regression analysis was performed to estimate independent variables associated with BP0. Statistical analyses were performed using Stat-View J version 5.0 (SAS Institute, Inc., New Caledonia, France). We used the following criteria: nondippers had less than 10% decline in sleep BP compared with awake BP for systolic and diastolic parameters separately; nondippers had less than 10% decline in both systolic and diastolic sleep BP values. A value of Po0.05 was considered to be statistically significant.
Results
Daytime mean BP of the participants was (Po0.0001) higher than night time mean BP (8976 vs 7476 mm Hg). LF/HF was (Po0.0001) significantly higher in daytime than in night time. HF was significantly (Po0.0001) higher in night time. The daytime mean physical activity was higher (Po0.0001) than the night time mean physical activity, as shown in Table 1 . Figure 2b . In the present study, other scores of QOL assessed using the SF-36 questionnaire did not correlate with BP.
Multivariate analysis
Using multiple regression analysis, SBP0 was found to correlate with gender (Po0.01), night time LF/HF (Po0.04), dipSBP (Po0.01), and the scores of body pain (Po0.04) as shown in Table 2 .
Discussion
The present study showed that SBP0 correlated with SBP and LF/HF, either in terms of 24-h recordings or night time recordings. Using multiple regression analysis, SBP0 significantly correlated with night time LF/HF and the scores of body pain. SBP0 determined by ambulatory BP monitoring (ABPM) has been reported to be a representative BP parameter for an individual subject. 6 A reduction of nocturnal dip in BP has been characterized by an Base blood pressure, autonomic function and HRQOL Y Okano et al increased risk of damage of all target organs and cardiovascular morbid events in hypertensives. 16, 17 In the present study, the mean night time BP closely and significantly correlated with SBP0. Because SBP0 has been shown to be stable against such factors as daily activities, duration of sleep and environmental conditions, SBP0 might be a more accurate parameter than mean night time BP. 6 Indeed, SBP0, other than 24-h or night time BP, was the only BP parameter that correlated with the scores of body pain. The close linkage between autonomic nervous dysfunction and the absence of nocturnal decrease in BP has also been shown in several studies. 18, 19 Sympathetic tone might even be greater in nondippers than in dippers, and this sympathetic over activity could cause the saturation of both cardiac and vascular receptors. This would be in agreement with the finding of higher norepinephrine concentrations in nondippers than in dippers. 16 Ragot et al. 17 showed that LF is significantly lower in nondippers than in dippers. These data suggest that night time BP is influenced by sympathetic nervous activity. In our study, 24 h and night time LF/HF closely correlated with SBP0. There was no significant relationship between SBP0 and 24-h HF, suggesting that SBP0 reflects the sympathetic tone at night time. Indeed, multivariate analysis showed a strong relationship of SBP0 with night time LF/HF. From the reports that LF/HF is associated with the risk of a cardiac event and that night time BP is also implicated as a cardiovascular risk factor, SBP0, which correlates with LF/HF and night time BP, might be an indicator of cardiovascular risk. 20, 21 In the present study, we observed a good correlation between BP0 and QOL scores using SF-36 questionnaire. This suggests that QOL may influence BP0. Similar conclusions have been reported by Roca-Cusachs et al. 22 They showed that patients with a severe hypertension presented a poor QOL determined using the CHA questionnaire for all dimensions. Erickson et al. 23 reported that hypertensive patients on medication show more symptoms and a poorer QOL than the control group determined using the SF-36 questionnaire. Kario et al. 24 reported that home stress assessed by their own questionnaire positively correlated with sleep SBP in healthy women 18-64 years of age. However, there are few reports on the relationship between night time BP and various kinds of QOL for the assessment of physical health and mental health in healthy volunteers. In our study, SBP0 positively correlated with the physical health component in young healthy adults determined using the SF-36 questionnaire. Multivariate analysis revealed that SBP0 was a dependent factor associated with the scores of body pain of the physical health component. These data suggest that in normal subjects, SBP0 correlates with QOL. In our study, the scores of body pain determined using the SF-36 questionnaire negatively correlated with SBP0 and night time LF/HF. The scores of body pain represent the status whether social activities like work both outside the home and housework are interfered by bodily pain, which is headache, toothache, bruise and so on. In this context, we have investigated the relationships between 24-h mean BP, autonomic function, and HRQOL in 92 healthy volunteers, since the Japanese SF-36 instrument and ABPM were produced in 1998. Twentyfour hour mean BP and autonomic function associated with the scores of SF-36. 25 According to the relationship between various values determined by ABPM and the scores of SF-36, we have clarified that physical function and mental function were coupled into a perspective. We reported that physical activity determined by ABPM correlated with the scores of role-emotional and physical functioning using SF-36 in normotensives and hypertensives.
26 HR0 correlated with the score of social functioning and role-physical using SF-36 in 139 healthy volunteers. 12 It has been reported that pain increases BP in humans. 27 Hypertension-related hypalgesia has been reported in animal and human studies. [28] [29] [30] Zamir and Shuber 31 showed that there is a significant positive correlation between BP and pain threshold, determined using a pulp tester, which applies a 600 Hz, 0.1 ms monophasic pulse to the tooth pulp, in healthy normotensive and hypertensive volunteers. Falcone et al. 32 also demonstrated that the mean dental pain threshold determined by pulp stimulation significantly correlates with mean DBP in hypertensive patients with coronary artery disease. Sheffield et al. 33 showed that pain intensity measured from the response to thermal stimuli negatively correlates with SBP at rest in patients with angina. In the latter study, DBP does not correlate with pain perception. In these studies, BP was determined only before the painful stimuli at sitting or supine position. These studies revealed the correlation between threshold to painful stimuli and BP before painful stimuli. In the present study, we first showed the relationship between BP0 and subjective body pain score measured by SF-36 in healthy subjects. From the findings that there were no significant relationships between 24-h, daytime and night time SBP, and the scores of body pain, SBP0 might be a very sensitive and a representative BP parameter for an individual subject.
In conclusion, we have shown that SBP0 correlated with night time BP, LF/HF determined by ABPM, and the scores of body pain (HRQOL) determined using SF-36 in healthy subjects. SBP0 is easy to calculate from the data of ABPM and very useful as a representative BP parameter for an individual subject. As increased SBP0 was indicator of lower scores of HRQOL, however, it also correlated positively with sympathetic nervous activity in part. Thus, SBP0 might be an indicator for assessing HRQOL and sympathetic nervous function in normotensive healthy adults.
